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Original article

Propensity score-matched analysis of oncological outcome
between stent as bridge to surgery and emergency resection
in patients with malignant left-sided colonic obstruction

F. J. Amelung1 , W. A. A. Borstlap2 , E. C. J. Consten1, J. V. Veld2, E. E. van Halsema3,
W. A. Bemelman2, P. D. Siersema4, F. ter Borg5, J. E. van Hooft3, P. J. Tanis2, on behalf of the Dutch
Snapshot Research Group*

1Department of Surgery, Meander Medical Centre, Amersfoort, Departments of 2Surgery and 3Gastroenterology and Hepatology, Amsterdam
University Medical Centres, location AMC, Amsterdam, and Departments of Gastroenterology and Hepatology, 4Radboud Academic Medical Centre,
Nijmegen, and 5Deventer Hospital, Deventer, the Netherlands
Correspondence to: Dr P. J. Tanis, Department of Surgery, Amsterdam University Medical Centres, University of Amsterdam, PO Box 22660,
1100DD Amsterdam, the Netherlands (e-mail: p.j.tanis@amc.nl)

Background: Although self-expandable metal stent (SEMS) placement as bridge to surgery (BTS)
in patients with left-sided obstructing colonic cancer has shown promising short-term results, it is used
infrequently owing to uncertainty about its oncological safety. This population study compared long-term
oncological outcomes between emergency resection and SEMS placement as BTS.
Methods: Through a national collaborative research project, long-term outcome data were collected
for all patients who underwent resection for left-sided obstructing colonic cancer between 2009 and 2016
in 75 Dutch hospitals. Patients were identified from the Dutch Colorectal Audit database. SEMS as BTS
was compared with emergency resection in the curative setting after 1 : 2 propensity score matching.
Results: Some 222 patients who had a stent placed were matched to 444 who underwent emergency
resection. The overall SEMS-related perforation rate was 7⋅7 per cent (17 of 222). Three-year locore-
gional recurrence rates after SEMS insertion and emergency resection were 11⋅4 and 13⋅6 per cent
(P= 0⋅457), disease-free survival rates were 58⋅8 and 52⋅6 per cent (P= 0⋅175), and overall survival rates
were 74⋅0 and 68⋅3 per cent (P= 0⋅231), respectively. SEMS placement resulted in significantly fewer
permanent stomas (23⋅9 versus 45⋅3 per cent; P < 0⋅001), especially in elderly patients (29⋅0 versus 57⋅9
per cent; P < 0⋅001). For patients in the SEMS group with or without perforation, 3-year locoregional
recurrence rates were 18 and 11⋅0 per cent (P= 0⋅432), disease-free survival rates were 49 and 59⋅6 per
cent (P= 0⋅717), and overall survival rates 61 and 75⋅1 per cent (P= 0⋅529), respectively.
Conclusion: Overall, SEMS as BTS seems an oncologically safe alternative to emergency resection
with fewer permanent stomas. Nevertheless, the risk of SEMS-related perforation, as well as permanent
stoma, might influence shared decision-making for individual patients.

∗Members of the Dutch Snapshot Research Group are co-authors of this study and can be found under the heading
Collaborators
Presented to a meeting of the European Society of Coloproctology, Nice, France, September 2018

Paper accepted 12 February 2019
Published online 10 May 2019 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.11172

Introduction

Of all patients with colonic cancer, 9–13 per cent present
initially with an acute obstruction, which accounts for 85
per cent of colonic emergencies1,2. Traditionally, left-sided
obstructing colonic cancer (LSOCC) has been managed
with emergency resection3. However, as patients present-
ing with LSOCC are often elderly and frequently in poor

clinical condition, emergency resection has been associ-
ated with substantial morbidity and mortality rates1,3–5. In
addition, many patients end up with a permanent stoma,
which is known to have a negative impact on quality of life
and independence6,7.

In the past decade, self-expandable metal stent (SEMS)
placement has been proposed as an alternative to
emergency resection for LSOCC. Initial decompression
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of the distended colon by SEMS placement can trans-
form the resection into an elective procedure, enabling
a laparoscopic approach in a clinically optimized patient.
Meta-analyses8,9 have confirmed higher proportions of
laparoscopic surgery after SEMS placement, with lower
postoperative morbidity rates, fewer temporary stomas
and higher primary anastomosis rates.

Even though the short-term benefit has been estab-
lished in recent years, SEMS as bridge to surgery
(BTS) for curative treatment of LSOCC is currently
not recommended as a standard treatment in interna-
tional guidelines10. Concerns include a higher rate of
perineural invasion and an increase in tumour cell dissem-
ination after stent insertion11–14. Furthermore, stent- or
guidewire-related perforations may increase the risk of
recurrence15. SEMS as BTS has been associated with worse
survival16, although this has not been confirmed by recent
meta-analyses17–19.

Treatment of LSOCC in the Netherlands has been in-
fluenced strongly by two multicentre Dutch randomized
trials, Stent-In 1 and 220,21. After early termination of both
trials because of increased morbidity in the experimental
arms, SEMS has been used infrequently, with only a few
centres continuing to perform stenting. Although the use
of stent placement increased following publication of the
European Society of Gastrointestinal Endoscopy (ESGE)
guidelines10 in 2014, where stenting as BTS is recom-
mended in elderly patients with a high operative risk (ASA
fitness grade III–IV), emergency resection is still the pre-
ferred approach in the vast majority of Dutch hospitals.
Allocation of treatment in the Netherlands is therefore
mainly hospital-based instead of patient-based. The aim
of this propensity score-matched population-based analy-
sis was to provide real-world evidence22 on the long-term
oncological outcomes after SEMS as BTS and emergency
resection for LSOCC.

Methods

A retrospective national collaborative research project was
conducted in the Netherlands. The methodology was
described in the first publication of the Dutch Snap-
shot Research Group (DSRG)23. Briefly, short-term data
from all patients in the Netherlands undergoing resec-
tion of primary colorectal cancer are collected prospec-
tively in the Dutch Colorectal Audit (DCRA, formerly
known as DSCA). It is mandatory for all Dutch hospi-
tals to register their patients in the DCRA. All patients
who underwent resection for LSOCC between 2009 and
2016 were identified from the DCRA database. Short-term
DCRA data were extended with additional procedural data,

and long-term surgical and oncological data. For collec-
tion of these additional data, a web-based tool was devel-
oped and controlled in accordance with privacy regulations
by Medical Research Data Management (Deventer, the
Netherlands).

All 77 Dutch hospitals were invited to participate in this
project. Collaborators in each participating hospital were
asked to provide data on their registered patients. Under
the supervision of one or two consultants, surgical residents
performed web-based data collection between August 2017
and December 2017. These data were then analysed for
discrepancies and missing values. Any discrepancies were
communicated back to the participants, who were asked to
verify or complete the data. All local investigators had an
extra month for data correction. After the period of data
verification, the final data extraction was carried out in Jan-
uary 2018. The combined set of DCRA and DSRG data
was anonymized and was sent to the central research coor-
dinator. The study was designed and manuscript prepared
in accordance with the STROBE statement24. The med-
ical ethics committee of the Academic Medical Centre in
Amsterdam reviewed and approved the observational study
design, and decided that informed consent did not need
to be obtained as there was no additional burden for the
patient owing to the observational design of the study.

Patient selection

Patients treated for LSOCC in 2009–2016 were selected
from the DCRA database using primary tumour location
(splenic flexure, descending colon or sigmoid) and either
registration of clinical obstruction and/or an intervention
(SEMS placement) preceding primary tumour resection.
Patients who presented with perforation and those who had
preoperative radiotherapy were excluded.

The DSRG collaborators then reviewed all original
patient files individually based on eligibility criteria, with
additional variables on signs of clinical obstruction taken
into consideration to allow more precise patient selection.
Patients were considered to have acute colonic obstruction
when they had at least one clinical sign of colonic obstruc-
tion (bloated abdomen, nausea and/or vomiting) and radi-
ological signs of colonic obstruction on CT (dilated large
and/or small bowel loop).

For this analysis, only data on patients who underwent
either SEMS as BTS or emergency resection with cura-
tive intent were extracted. Whether a patient was treated
with curative intent was one of the variables acquired in
the DSRG data set. Centres performing SEMS placement
were categorized for subgroup analysis; high-volume cen-
tres were defined as those in which over 70 per cent of
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Fig. 1 Flow chart showing patient selection

Patients identified from the Dutch Colorectal Audit, 2009–2016
n= 4216

Patients registered in collaborative research project
n= 3879

Excluded n= 726
 No acute obstruction n= 670
 No resection n= 23

 Benign obstruction n= 17
 Palliative stent n= 5
 Unknown patient n= 2
 Rectal cancer n= 4
 Surgery before 2009 n= 4

 Duplicate record n= 1

Excluded n= 911
 Palliative intention n= 465
 Free air on CT n= 101

 Decompressing stoma n= 345

Patients with left-sided obstructing colonic
cancer
n= 3153

Patients undergoing SEMS as BTS or emergency resection
for left-sided obstructing colonic cancer without signs of

perforation and with curative intent

n= 2242

SEMS as BTS
n= 229

Emergency resection
n= 2013

Emergency resection
n= 444

SEMS at BTS
n= 222

Propensity score matching
2 : 1

SEMS, self-expandable metal stent; BTS, bridge to surgery.

patients with LSOCC were treated with SEMS and stents
were placed by an experienced endoscopist (at least 20
procedures).

Endpoints

The primary endpoints were 3-year disease-free and over-
all survival. Secondary outcomes were locoregional recur-
rence and permanent stoma rates. Locoregional recurrence
was defined as a recurrence at the level of the anastomosis,
in a locoregional lymph node or a peritoneal metastasis.

Adjuvant chemotherapy and follow-up

The Dutch colorectal cancer guidelines25 recommend
adjuvant chemotherapy in patients with high-risk stage
II (T4, fewer than 10 lymph nodes harvested, presenta-
tion with obstruction, vascular invasion, undifferentiated
tumour) and stage III disease. Adjuvant chemotherapy until
2016 consisted of either FOLFOX (oxalipatin, leucovorin,

5-fluorouracil) or CAPOX (capecitabine, oxaliplatin) for a
total of 6 months.

Follow-up according to the guidelines25 included clini-
cal visits at 6-month intervals for the first 2–3 years and
yearly thereafter until 5 years after curative resection, with
at least carcinoembryonic antigen (CEA) measurement at
each visit. Abdominal (liver) ultrasonography or CT was
recommended every 6 months for 1–2 years after resection
and yearly thereafter. In addition, surveillance colonoscopy
was performed at 1 and 4 years after resection.

Statistical analysis

As patients were not assigned randomly to a treatment
approach, a propensity score method was used to bal-
ance baseline co-variables between groups. Co-variables
were selected a priori, and included age, sex, ASA grade,
BMI, pathological T, N and M categories, tumour location,
year of presentation, tumour length on CT and previ-
ous abdominal surgery. Before calculating the propensity
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Table 1 Baseline characteristics before and after propensity score matching

Before PS matching After PS matching

Emergency
resection
(n = 2013)

SEMS as BTS
(n = 229) MSD (%)

Emergency
resection
(n =444)

SEMS as BTS
(n =222) MSD (%)

Age (years)* 71 (62–79) 72 (64–80) 6⋅8 73 (63–79) 72 (64–80) 1⋅7

Sex ratio (M : F) 1071 : 942 128 : 101 5⋅4 253 : 191 124 : 98 2⋅3

BMI (kg/m2)† 25⋅5(4⋅2) 25⋅7(4⋅3) 8⋅3 24⋅7(4⋅2) 24⋅9(4⋅4) 2⋅5

ASA fitness grade

I 355 (17⋅7) 49 (21⋅7) 10⋅0 94 (21⋅4) 48 (21⋅8) 0⋅5

II 968 (48⋅2) 120 (53⋅1) 9⋅5 227 (51⋅6) 117 (53⋅2) 4⋅5

III 593 (29⋅5) 53 (23⋅5) 14⋅9 110 (25⋅0) 51 (23⋅2) 4⋅8

IV 91 (4⋅5) 4 (1⋅8) 21⋅1 9 (2⋅0) 4 (1⋅8) 1⋅7

Missing 6 3 4 2

pT category

pT1–2 78 (3⋅9) 12 (5⋅3) 2⋅1 26 (5⋅9) 11 (5⋅0) 3⋅8

pT3 1399 (69⋅7) 162 (72⋅0) 4⋅6 313 (70⋅7) 158 (71⋅8) 2⋅5

pT4 530 (26⋅4) 51 (22⋅7) 9⋅7 104 (23⋅5) 51 (23⋅2) 1⋅1

Missing 6 4 1 2

pN category

pN0 928 (46⋅4) 111 (49⋅3) 4⋅1 220 (49⋅8) 105 (47⋅9) 3⋅8

pN1 699 (34⋅9) 73 (32⋅4) 6⋅5 140 (31⋅7) 73 (33⋅3) 2⋅3

pN2 374 (18⋅7) 41 (18⋅2) 0⋅4 82 (18⋅6) 41 (18⋅7) 1⋅1

Missing 12 4 2 3

Metastases present at presentation 186 (9⋅2) 24 (10⋅5) 4⋅2 50 (11⋅3) 22 (10⋅0) 4⋅5

Previous abdominal surgery 595 (29⋅6) 53 (23⋅1) 14⋅4 112 (25⋅2) 53 (23⋅9) 2⋅9

Tumour location

Sigmoid 1364 (67⋅8) 169 (73⋅8) 7⋅2 322 (72⋅5) 162 (73⋅0) 1⋅0

Descending colon 375 (18⋅6) 45 (19⋅7) 2⋅5 91 (20⋅5) 45 (20⋅3) 0⋅5

Splenic flexure 274 (13⋅6) 15 (6⋅6) 13⋅7 31 (7⋅0) 15 (6⋅8) 0⋅8

Median length of stenosis (cm)* 4 (3–6) 4 (3–5) 23⋅6 4 (3–5) 4 (3–5) 6⋅5

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.) and †mean(s.d.). PS, propensity score; SEMS, self-expandable
metallic stent; BTS, bridge to surgery; MSD, mean standardized difference.

score, missing data were imputed using multiple impu-
tation by chained equations. One-to-two nearest neigh-
bour matching without replacement (optimal matching)
was performed within a calliper of 0⋅2 logit of the stan-
dard deviation of the propensity score26. The propensity
score was then evaluated using Nagelkerke’s R2 statistic as
a measure of fit, with a score close to 0 indicating good
overlap in the treatment groups. The co-variable balance
of the matched cohort was assessed using mean standard-
ized differences, with differences of less than 10 per cent
indicating good balance.

Categorical or dichotomous variables are presented
as absolute numbers with percentages, and were com-
pared before matching using the χ2 test. After matching,
in order to account for the matched nature of data,
outcome variables were assessed by means of conditional
logistic regression27,28. Continuous variables are shown

as mean(s.d.) or median (i.q.r.) according to their distri-
bution. Depending on the distribution, treatment groups
were compared using independent Student’s t test or
Mann–Whitney U test before matching; paired t test was
used after matching. All analyses were conducted based on
the intention-to-treat principle (emergency resection for
SEMS perforation was analysed in the SEMS group).

Comparison of survival probabilities in the matched
cohort was performed using a Cox proportional hazards
model with shared frailty. To verify the results in the
matched groups, survival analyses were also carried out for
the entire patient cohort before matching, with propensity
score as a correcting factor. Subgroup analyses were under-
taken to compare outcome parameters in the SEMS group
for patients with SEMS-related perforation versus no per-
foration, and treatment at high- versus low-volume centres.
Survival curves in the SEMS group were plotted according
to the Kaplan–Meier method and tested for significant
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Fig. 2 Overlap in propensity score between treatment groups before and after matching
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Table 2 Treatment characteristics in the matched cohort

Emergency resection
(n=444)

SEMS as BTS
(n=222) Hazard ratio‡# P**

Surgical approach <0⋅001

Open 410 (93⋅0) 126 (57⋅5)

Laparoscopic 31 (7⋅0) 93 (42⋅5) 9⋅27 (5⋅58,15⋅39)

Missing 3 3

Resection type 0⋅94 (0⋅83, 1⋅08) 0⋅391

Sigmoid resection 279 (62⋅8) 132 (59⋅5)

Left hemicolectomy 99 (22⋅3) 68 (30⋅6)

Subtotal colectomy 28 (6⋅3) 6 (2⋅7)

Anterior resection 11 (2⋅5) 7 (3⋅2)

Other 27 (6⋅1) 9 (4⋅1)

Primary anastomosis 177 (39⋅9) 165 (74⋅3) 4⋅18 (2⋅87, 6⋅08) < 0⋅001

Temporary stoma 290 (65⋅3) 63 (28⋅4) 0⋅20 (0⋅14, 0⋅30) <0⋅001

Age<70 years 116 of 183 (63⋅4) 21 of 91 (23) 0⋅14 (0⋅06, 0⋅36) < 0⋅001

Age≥70 years 174 of 261 (66⋅7) 42 of 131 (32⋅1) 0⋅18 (0⋅09, 0⋅34) <0⋅001

No. of lymph nodes resected* 14 (10–19) 16 (13–23) 1⋅03 (1⋅01, 1⋅05) <0⋅001

No. of patients with a complication

During the entire treatment approach§ 186 (41⋅9) 95 (42⋅8) 0⋅96 (0⋅68, 1⋅37) 0⋅831

Anastomotic leakage¶ 25 of 177 (14⋅1) 18 of 165 (10⋅9) 0⋅65 (0⋅30, 1⋅42) 0⋅279

Complications requiring reintervention 35 (7⋅9) 24 (10⋅8) 1⋅43 (0⋅81, 2⋅54) 0⋅223

Following tumour resection 186 (41⋅9) 78 (35⋅1) 0⋅77 (0⋅55, 1⋅08) 0⋅095

90-day or in-hospital mortality 28 (6⋅3) 12 (5⋅4) 0⋅85 (0⋅43, 1⋅70) 0⋅647

Adjuvant chemotherapy 165 (37⋅2) 84 (37⋅8) 0⋅97 (0⋅70, 1⋅35) 0⋅868

Time to start of adjuvant chemotherapy after resection (weeks)* 6 (5–9) 9 (7–12) 1⋅04 (0⋅99, 1⋅08) 0⋅113

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.) and ‡values in parentheses are 95 per cent confidence intervals.
§Complications after self-expandable metal stent (SEMS) placement and/or tumour resection combined. ¶For patients who had a primary anastomosis.
#Emergency surgery is the reference group. **Conditional logistic regression analysis.
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Table 3 Long-term outcomes in the matched cohort

Emergency resection (n=444) SEMS as BTS (n=222) Hazard ratio‡§ P¶

Median follow-up (months)* 34 (15–58) 42 (17–65) 1⋅01 (1⋅00, 1⋅02) 0⋅002

Permanent stoma at end of follow-up 201 (45⋅3) 53 (23⋅9) 0⋅39 (0⋅28, 0⋅57) <0⋅001

Age<70 years 50 of 183 (27⋅3) 15 of 91 (16) 0⋅53 (0⋅23, 1⋅24) 0⋅014

Age≥70 years 151 of 261 (57⋅9) 38 of 131 (29⋅0) 0⋅36 (0⋅21, 0⋅62) <0⋅001

Any recurrence during follow-up 225 (50⋅7) 105 (47⋅3) 0⋅90 (0⋅64, 1⋅26) 0⋅541

Locoregional recurrence 53 (11⋅9) 22 (9⋅9) 0⋅88 (0⋅50, 1⋅54) 0⋅655

Anastomotic recurrence 15 (28) 7 (32)

Loco-regional lymph node metastasis 1 (2) 2 (9)

Peritoneal metastasis 37 (70) 13 (59)

Distant metastases 118 (26⋅6) 48 (21⋅6) 0⋅75 (0⋅50, 1⋅14) 0⋅125

Para-aortic lymph node metastasis 3 (2⋅5) 2 (4⋅1)

Liver 73 (61⋅9) 32 (67)

Lung 59 (50⋅0) 19 (40)

Bone 5 (4⋅2) 4 (8)

Brain 6 (5⋅1) 3 (6)

Actuarial 3-year rates (%)#

Locoregional recurrence 13⋅6 11⋅4 0⋅84 (0⋅72, 1⋅96) 0⋅457

Disease-free survival 52⋅6 58⋅8 0⋅83 (0⋅92, 1⋅57) 0⋅175

Overall survival 68⋅3 74⋅0 0⋅85 (0⋅90, 1⋅53) 0⋅231

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.) and ‡values in parentheses are 95 per cent confidence intervals.
§Emergency resection is reference group. SEMS, self-expandable metal stent; BTS, bridge to surgery. ¶Conditional logistic regression analysis, except
#determined by Kaplan–Meier analysis and tested using Cox proportional hazards model with shared frailty.

differences using the log rank test. Two-sided P < 0⋅050
was considered significant. All analyses were performed
with SPSS® version 25.0 (IBM, Armonk, New York, USA)
and R version R3.3.2 (Matching and Frailtypack package,
MICE package; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Seventy-five of 77 Dutch hospitals participated in this
collaborative research project. A total of 3879 patients
were registered of the 4216 patients identified (92⋅0 per
cent) (Fig. 1). After retrospective evaluation of original
patient files, 726 patients were excluded, of whom 670
appeared to be registered incorrectly in the DCRA as
having an obstruction (stricturing tumour, unable to pass
with the endoscope, but without clinical signs of obstruc-
tion). This resulted in an overall cohort of 3153 patients
with LSOCC. Applying eligibility criteria for the present
analysis resulted in 2242 patients, of whom 229 under-
went SEMS as BTS and 2013 emergency resection. Using
1 : 2 propensity score matching, 222 patients in the SEMS
group were matched to 444 in the emergency resection
group. Seven patients in the SEMS group were excluded
as no matches could be found in the emergency resection
group.

Before matching, baseline characteristics were biased for
ASA grade, previous abdominal surgery, tumour location
and tumour length on CT (mean standardized difference
over 10 per cent) (Table 1). After propensity score match-
ing, none of these differences remained. Histograms of the
estimated propensity scores before and after matching are
shown in Fig. 2. The Nagelkerke’s R2 value of 0⋅095 indi-
cates a good overlap in propensity scores between treat-
ment groups. The degree of overlay in propensity score
(Fig. 2b), and standardized mean differences between base-
line variables below 10 per cent for all variables, indicated
that matching was successful in obtaining two well balanced
groups.

There were no missing data in the unmatched data set
for age, sex, primary tumour location, year of presentation,
anastomotic leakage, 90-day mortality and overall survival.
Data for all other baseline and outcome variables in the
matched data set were missing for less than 3 per cent
of patients, except for local recurrence during follow-up,
which was missing for 34 of 666 patients (5⋅1 per cent),
and metastasis during follow-up, which was missing for 26
of 666 patients (3⋅9 per cent). Missing values for variables
used to calculate the propensity score were completed
by multiple imputation (ASA grade, previous abdominal
surgery, TNM categories, BMI and tumour length on CT).
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Treatment characteristics

The overall technical success rate of SEMS was 87⋅4
per cent (194 of 222 patients). The two main reasons
for technical failure were not being able to pass
the guidewire (14) or SEMS (4) past the obstruc-
tion. Owing to technical SEMS failure, 22 patients
had to undergo emergency resection within 24 h, three
patients had a decompressing stoma constructed, and a
second attempt at SEMS placement was successful in the
remaining three patients.

Two guidewire perforations and six clinically overt
SEMS-related perforations occurred, and all these patients
underwent emergency resection. During the elective
resection, two silent SEMS perforations were noted. In
addition, the pathologist reported microperforation by a
SEMS in seven other patients. The overall perforation rate
was 7⋅7 per cent (17 of 222).

Of all SEMS procedures, 129 (58⋅1 per cent) were per-
formed in five of 75 participating hospitals. Two hospitals
were considered high volume and 85 of the 222 SEMS
were carried out in these two institutions. Technical success
rates in high- and low-volume SEMS centres were 78 of
85 (92 per cent) and 116 of 137 (84⋅7 per cent) respectively
(P= 0⋅207). Corresponding clinical success rates were 71 of
85 (84 per cent) and 106 of 137 (77⋅4 per cent) (P= 0⋅483).
The rate of SEMS-related complications (6 of 85 (7 per
cent) versus 18 of 137 (13⋅1 per cent); P= 0⋅184) and
SEMS-related perforations (4 of 85 (5 per cent) versus 13
of 137 (9⋅5 per cent); P= 0⋅299) was lower in high-volume
centres, but the differences were not significant.

Table 2 summarizes treatment characteristics of the emer-
gency resection and SEMS groups. Patients in the SEMS
group more often underwent laparoscopic resection (42⋅5
versus 7⋅0 per cent; hazard ratio (HR) 9⋅27, 95 per cent
c.i. 5⋅58 to 15⋅39; P < 0⋅001), more often had a primary
anastomosis (74⋅3 versus 39⋅9 per cent; HR 4⋅18, 2⋅87 to
6⋅08; P < 0⋅001) and were less likely to have a temporary
stoma (28⋅4 versus 65⋅3 per cent; HR 0⋅20, 0⋅14 to 0⋅30;
P < 0⋅001). Thirty- and 90-day mortality rates, morbid-
ity rate and the proportion of patients who underwent
adjuvant chemotherapy did not differ between treatment
groups.

Long-term outcomes

Median follow-up in the emergency resection and SEMS
groups was 34 (i.q.r. 15–58) and 42 (17–65) months
respectively. Overall long-term outcomes are summarized
in Table 3. Three-year disease-free survival rates were 52⋅6
and 58⋅8 per cent for emergency resection and SEMS
groups respectively (HR 0⋅83, 95 per cent c.i. 0⋅92 to

Fig. 3 Kaplan–Meier curves comparing disease-free and over-
all survival after emergency resection versus self-expandable
metal stent placement as bridge to surgery
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1⋅57; P= 0⋅175) (Fig. 3). Three-year overall survival rates
were 68⋅3 and 74⋅0 per cent respectively (HR 0⋅85, 0⋅90
to 1⋅53; P= 0⋅231). Additional Cox regression analysis of
the unmatched data set (2242 patients) similarly showed
no significant difference between treatment groups in
disease-free survival (HR 0⋅91, 0⋅61 to 3⋅76) or overall sur-
vival (HR 0⋅94, 0⋅64 to 5⋅21).

Three-year locoregional recurrence rates were 13⋅6 and
11⋅4 per cent in the emergency resection and SEMS groups
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Fig. 4 Survival after self-expandable metal stent placement as bridge to surgery in relation to perforation and type of treatment centre
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respectively (HR 0⋅84, 0⋅72 to 1⋅96; P= 0⋅457). Patients
in the emergency resection group were almost twice as
likely to have a permanent stoma at the end of follow-up
than those in the SEMS group (45⋅3 versus 23⋅9 per cent;
HR 0⋅40, 0⋅28 to 0⋅57; P < 0⋅001). Younger patients (aged
less than 70 years) were significantly more likely to have a
temporary stoma reversed than elderly patients: 73 of 137
(53⋅3 per cent) versus 30 of 216 (13⋅9 per cent (P < 0⋅001).

Whether the stoma was reversed was independent of the
treatment approach.

Comparing oncological outcomes after SEMS as BTS
with or without guidewire- or SEMS-related perforation,
3-year disease-free survival rates were 49 and 59⋅6 per cent
(P= 0⋅717), and 3-year overall survival rates 61 and 75⋅1
per cent (P= 0⋅529), respectively (Fig. 4a,b). Three-year
locoregional recurrence rates in patients with and without
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perforation were 18 and 11⋅0 per cent (P= 0⋅432). Com-
paring patients treated at high- and low-volume SEMS
centres revealed 3-year disease-free survival rates of 66 ver-
sus 55⋅7 per cent (P= 0⋅169), 3-year overall survival rates of
82 versus 68⋅9 per cent (P= 0⋅103) and 3-year locoregional
recurrence rates of 12 versus 11⋅2 per cent (P= 0⋅975).

Discussion

In this study, SEMS placement as BTS with curative
intent in patients presenting with LSOCC was not associ-
ated with impaired long-term oncological outcomes. Com-
pared with emergency resection, no significant differences
in locoregional recurrence, disease-free and overall sur-
vival rates were found. The SEMS-related perforation
rate was 7⋅7 per cent, with worse oncological outcomes
in this small subgroup, although they were not signif-
icantly different from those in patients who underwent
stent placement without perforation. High-volume SEMS
centres had better results, but not significantly different
from those of low-volume centres. Patients in the SEMS
group had significantly fewer permanent stomas at the end
of follow-up, especially elderly patients.

Although the short-term benefits of SEMS placement
have been well established, concerns have been raised
about worse oncological outcomes14,16. In particular,
SEMS-related perforations have been associated with an
increase in locoregional recurrence and possible worse sur-
vival in the past15,29–31. The present results are consistent
with this, as the 17 patients who suffered a SEMS-related
perforation had a higher recurrence rate and worse sur-
vival, although there was insufficient statistical power for
firm conclusions to be drawn.

Concerns about oncological outcomes have also been
raised in the event of uncomplicated SEMS placement.
Several studies11–16 have reported on pathophysiological
mechanisms that could possibly lead to worse oncolog-
ical outcome after SEMS insertion. These concerns are
reflected in the current ESGE guideline10, which states
that SEMS placement should be first choice only in pal-
liative situations or in patients with an increased surgical
risk (aged at least 70 years and/or ASA grade III or more)
and in centres with substantial experience.

Since publication of the ESGE guideline, multiple
studies, including recent meta-analyses, have investigated
long-term outcomes following SEMS placement com-
pared with emergency resection17,19. They were not able
to demonstrate a significant survival difference between
treatment groups. Unfortunately, most studies were
retrospective and underpowered, they seldom had recur-
rence and survival as the primary outcome measures, and

follow-up was often relatively short. Only a recent study
by Kang and co-workers32, which compared 226 patients
who had SEMS placement with 109 who underwent emer-
gency resection using propensity score as a co-variable,
focused specifically on long-term outcomes. Although
matching in this cohort was not possible owing to lack
of control patients and insufficient overlap of propensity
scores between treatment groups, the methodology is
stronger than that of previous studies. They also reported
no significant difference in (locoregional) recurrence and
survival rates32. The results of the present analysis of a
propensity score-matched cohort, including 666 patients
of whom 222 were treated with a SEMS, further strength-
ens the previously published conclusions regarding the
oncological safety of stenting in LSOCC.

Overall, the 7⋅7 per cent perforation rate and its impact
on survival did not seem to influence the oncological out-
come in the complete SEMS group, as recurrence and sur-
vival rates were similar in both treatment groups. Worse
survival owing to perforation might therefore be counter-
balanced by a positive impact of stenting in other SEMS
subgroups. For instance, several studies have shown that
postoperative complications (which tended to occur more
frequently in the emergency resection group in the present
study) also have a negative effect on oncological outcome33.
Therefore, different risks and potential advantages related
to both strategies should be considered when deciding
on optimal management for the individual patient. For
example, a young fit patient with a low operative risk pro-
file and absence of competing mortality risks (cardiovascu-
lar) might not want to take the risk of perforation during
stent insertion. On the other hand, the risk of perforation
might be outweighed by the high operative risk in elderly
patients or those with significant co-morbidity. The dif-
ference in risk of permanent stoma between age groups
should also be taken into account, underlining the need for
patient-tailored treatment and shared decision-making in
patients with LSOCC.

Given its oncological impact, it is crucial to minimize
perforation risk. Experience of the endoscopist seems
important34. The present results support this, as subana-
lysis of high- versus low-volume SEMS centres showed a
lower perforation rate in the high-volume centres, where
SEMS placement is undertaken only by experienced
endoscopists.

An important strength of the present study is the high
participation rate (92⋅0 per cent of identified patients were
registered). In total, 75 of the 77 centres contributed to
this national cohort study, resulting in good representation
of current nationwide practice. In addition, small pretreat-
ment differences suggested a low risk of selection bias,
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probably related to the fact that treatment choices were
mostly according to institutional protocol, rather than
selective allocation to a certain intervention. Furthermore,
detailed retrospective review of the original patient files
enabled validation and enrichment of the DCRA data
set. Finally, the robustness of the findings is supported by
the fact that two different analytical methods resulted in
similar outcomes.

Nonetheless, several limitations should be kept in
mind. Only patients who underwent colonic resection
are included in the DCRA registry. Thus, patients who
died as a consequence of SEMS placement remained
beyond the scope of the present study. However, as no
postoperative deaths after SEMS placement have been
reported in any RCT reporting on SEMS as BTS, the
influence of this shortcoming is expected to be negligible8.
In addition, defining acute colonic obstruction is difficult
in the absence of international consensus, and using retro-
spective chart review. Inherent to real-world evidence, the
authors were not informed about the degree of adherence
to guidelines regarding follow-up, although there is strong
evidence that differences in intensity of follow-up after
colorectal cancer treatment do not influence survival35.
No specific data on the surgeons who performed the
(emergency) resections were available owing to the retro-
spective nature of the study. Finally, although propensity
score matching was used to minimize selection bias, there
might still be residual confounding due to unknown
factors.

Overall, the data from this propensity score-matched
population study indicate that SEMS as BTS is not nega-
tively associated with long-term oncological outcomes and
has a lower risk of permanent stoma than emergency resec-
tion. Therefore, SEMS placement appears to be a valid and
safe alternative in dedicated centres. Nevertheless, the risk
of SEMS-related perforation, as well as permanent stoma
risk, might influence shared decision-making in individual
patients with LSOCC.
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